RC Baja Competition Drive Train and Differential by Dowdell, Chelsea & Wilhelm, Nathan
Central Washington University
ScholarWorks@CWU
Mechanical Engineering and Technology Senior
Projects Student Scholarship and Creative Works
Spring 5-25-2015
RC Baja Competition Drive Train and Differential
Chelsea Dowdell
Central Washington University, dowdellc@cwu.edu
Nathan Wilhelm
central washi, wilhelmn@cwu.edu
Follow this and additional works at: http://digitalcommons.cwu.edu/cwu_met
Part of the Mechanical Engineering Commons
This Book is brought to you for free and open access by the Student Scholarship and Creative Works at ScholarWorks@CWU. It has been accepted for
inclusion in Mechanical Engineering and Technology Senior Projects by an authorized administrator of ScholarWorks@CWU.
Recommended Citation
Dowdell, Chelsea and Wilhelm, Nathan, "RC Baja Competition Drive Train and Differential" (2015). Mechanical Engineering and
Technology Senior Projects. Book 11.
http://digitalcommons.cwu.edu/cwu_met/11
 RC Baja Competition 
Drive Train and Differential 
 
 
By 
 
 
Chelsea Dowdell 
 
Partner: 
Nathan Wilhelm 
 
  
Contents	
RC Baja Competition .................................................................................................................................. 1 
Chelsea Dowdell ..................................................................................................................................... 1 
ABSTRACT ................................................................................................................................................ 5 
INTRODUCTION ...................................................................................................................................... 6 
Problem Statement .................................................................................................................................. 6 
Function Statement ................................................................................................................................. 6 
Requirements .......................................................................................................................................... 6 
Success Criteria ....................................................................................................................................... 6 
Scope ....................................................................................................................................................... 6 
Benchmark .............................................................................................................................................. 7 
Success .................................................................................................................................................... 7 
DESIGN & ANALYSIS ............................................................................................................................. 8 
Approach: Proposed solution .................................................................................................................. 8 
Gear Train Analysis ................................................................................................................................ 9 
Differential Analysis ............................................................................................................................... 9 
RC Car Analysis ..................................................................................................................................... 9 
Performance Predictions ......................................................................................................................... 9 
Safety factors and Risk Analysis ............................................................................................................ 9 
METHODS & CONSTRUCTION ........................................................................................................... 11 
Description: ........................................................................................................................................... 11 
Drawing Tree ........................................................................................................................................ 11 
Parts List ............................................................................................................................................... 11 
Manufacturing the gear train and differential: ...................................................................................... 11 
TESTING METHOD ................................................................................................................................ 12 
Introduction: .......................................................................................................................................... 12 
Method/Approach: ................................................................................................................................ 13 
Test Procedure: ..................................................................................................................................... 14 
Deliverables: ......................................................................................................................................... 15 
Pass or Failure: ...................................................................................................................................... 15 
BUDGET/SCHEDULE/PROJECT MANAGEMENT ............................................................................ 16 
Budget ................................................................................................................................................... 16 
Schedule ................................................................................................................................................ 16 
DISCUSSION ........................................................................................................................................... 17 
Design Evolution .................................................................................................................................. 17 
Project risk analysis .............................................................................................................................. 17 
CONCLUSION ......................................................................................................................................... 18 
Bibliography ........................................................................................................................................... 20 
ACKNOWLEDGEMENTS ...................................................................................................................... 21 
APPENDIX A – Analyses ........................................................................................................................ 22 
Appendix A-1 input and output rpm ..................................................................................................... 22 
Appendix A-2 initial gear teeth calculation .......................................................................................... 23 
Appendix A-3 Simple calculations for gear teeth analysis ................................................................... 24 
Appendix A-4 Gear 1 and 2 calculations .............................................................................................. 25 
Appendix A-5 Gear 3 and 4 calculations .............................................................................................. 27 
Appendix A-6 Gear 5 and 6 calculations .............................................................................................. 30 
Appendix A-7 Shear pin calculations ................................................................................................... 34 
APPENDIX B- Drawing Tree .................................................................................................................. 35 
APPENDIX C –Sketches, Assembly drawings, Sub-assembly drawings, Part drawings ........................ 36 
Appendix C-1 Initial sketch of full assembly ....................................................................................... 36 
Appendix C-4 Gear 1 Drawing ............................................................................................................. 37 
Appendix C-5 Gear 2 Drawing ............................................................................................................. 38 
Appendix C-6 Gear 4 Drawing ............................................................................................................. 39 
Appendix C-7 Gear 6 Drawing ............................................................................................................. 40 
Appendix C-8 Differential Top Drawing .............................................................................................. 40 
Appendix C-9 Differential Bottom Drawing ........................................................................................ 41 
Appendix C-10 Gear Mover Drawing .................................................................................................. 42 
Appendix C-11 Helical Gear Drawing ................................................................................................. 44 
Appendix C-12 Spider Gear Drawing ................................................................................................... 45 
Appendix C-13 Suspension Connection Piece Drawing ...................................................................... 46 
Appendix C-14 Differential Shaft Drawing .......................................................................................... 46 
Appendix C-15 Gear Bar Drawing ....................................................................................................... 47 
Appendix C-16 Motor Drawing ............................................................................................................ 49 
Appendix C-17 Gear Shaft 2 Drawing .................................................................................................. 50 
Appendix C-17 Gear Shaft 3 Drawing .................................................................................................. 51 
Appendix C-18 Differential Assembly Drawing .................................................................................. 52 
Appendix C-19 Gear Assembly Drawing ............................................................................................. 53 
APPENDIX D –Parts List ..................................................................................................................... 54 
APPENDIX E – Budget ............................................................................................................................ 55 
APPENDIX F – Schedule ......................................................................................................................... 56 
APPENDIX G – Motor Specifications ..................................................................................................... 59 
APPENDIX H – Testing ........................................................................................................................... 60 
Appendix H-1: Testing Report .............................................................................................................. 60 
Appendix H-2 Testing Schedule ........................................................................................................... 62 
APPENDIX I –Testing Data ..................................................................................................................... 64 
Appendix I-1 Time for 50 foot sprint ................................................................................................... 64 
APPENDIX J –Resume ............................................................................................................................ 65 
 
  
ABSTRACT 
The American Society of Mechanical Engineers holds regional student design competitions each year 
with both a reoccurring RC Baja competition with a new challenge course each year. This project covers 
the design and manufacturing of components for a radio controlled car to race in the annual ASME RC 
Baja competition. For this project the car was broken down into its component subsystems and divided 
between two partners. It was then determined which components of each respective subsystem could be 
purchased and which required design and manufacture within the rules set forth in the ASME Baja 
competition rule book. All of the parts, both to be purchased and to be manufactured, were first drawn in 
SolidWorks to check alignment and for ease of FE analysis before manufacturing began. Parts and 
systems that were designed include: chassis of the car, differential and gear train, steering system, and 
the suspension system. Diverse manufacturing methods were used including waterjet cutting, 3d-
printing, and the use of manual mills and lathes which in the future will be converted to CNC operations 
for ease of manufacturing. Both hands on and computer testing thus far has shown that the car will be 
successful in completing the tasks that are required of it at the RC Baja competition. To conclude, after 
the design and manufacturing of this car was completed a functional vehicle that starts, stops, and turns 
without issue was successfully created and functional testing will be completed at the competition. 
  
INTRODUCTION 
Problem Statement 
This Project was motivated by the need to have an RC Baja car to compete at the annual ASME 
competition in April.  
 
Function Statement 
The function of the drive train will be to convert power from the high rpm engine to the lower rpm 
needed for the wheels to propel the car at the necessary speed. The function of the differential will be to 
give the rear wheels varying power so that as the car turns one wheel can turn faster than the other.  
 
Requirements 
  The requirements for this car will be to: 
 Comply with all ASME RC Baja vehicle requirements as per section 4.0 of the ASME RC Baja 
Rule Book.  
 This RC Baja car will also compete in both the slalom and sprint Baja events at an ASME 
competition and be competitive.’ 
 This RC Baja car will also have the ability to have parts easily replaced so that we can recharge 
batteries or switch out stripped gears 
The requirements for the drive train and differential are: 
o The drive train will be able to take a engine that has an input of 43318 rpm and make the 
car have an output of at least 1500 rpm 
o The drive train will be comprised of gears that mesh together  
o The drive train including the shafts, gears and differential, but not including the motor or 
the supports will weigh less than the battery for the car 
o No gear in the drive train will be larger than two inches in diameter 
o The differential will be no more than an inch and a half in diameter 
o The differential will weight no more than 6 grams 
o The differential will allow the right and left wheels to spin at different speeds.  
Success Criteria  
In order to be successful the car will be able to… 
 Perform a U turn from a stop in under 42”. 
 Travel over a large variety of surfaces ex (grass, cement, wood, sand, etc) 
 The car will be capable of traveling 20 mph in a sprint. 
 Be dropped 24 inches onto flat ground and break no parts.  
 Score in the top 50% of teams at a regional competition.  
 
Scope  
 The scope of this project is the design of a chassis, gear train (differential included), steering and 
suspension for a 1/10th scale RC Baja car. Also, from ASME RC Baja rule book section 1.0: 
The Radio-Controlled Baja Car Competition of North American-Pacific District D, 
ASME International (American Society of Mechanical Engineers), is a competitive event where 
Teams of Mechanical Engineering students demonstrate their design, manufacturing, and 
presentation skills. The student teams do the design, manufacture, describe, and race relatively 
inexpensive radio-controlled vehicles on a variety of challenging race-courses at a host venue 
selected by the local District leadership of ASME. 
 
 
 
Benchmark 
   There are many RC Baja cars that have been made and raced successfully. At last year’s competition 
we took pictures of some of the successful cars and can use those as a benchmark for our car. Last year a 
car at the 25% mark in the slalom-and-sprint finished in 45 seconds, this is a benchmark that we will try 
to at least meet if not beat.  
 
Success 
   Success depends largely on the ASME RC Baja competition and placing in at least the top 50% of 
competitors as well as being viable for production at a later date if desired. The car must be able to 
“survive” without breaking for the day’s events.  
  
 DESIGN & ANALYSIS 
 
Approach: Proposed solution 
The design for the gear train of the car was conceived from a need to have a gear train that could take a 
motor with high rpm (43,000 rpm) and end up with an output that would allow the car to travel at 20 
mph. The specifications for the motor can be found in Appendix G (1). The proposed solution is to use a 
gear train of six gears to keep each of the gears as compact as possible while keeping the number of 
gears reasonable. The three pinions will be made from metal while the gears will be made from plastic. 
The first pinion will be on the motors shaft, the middle 4 gears will be on steel shafts with the final gear 
attached to the differential.  
The design for the differential came from a need for a differential that is compact in size and yet is able 
to make use of gears that we already had from past years of competition. The differential will be 
attached to both the sixth gear in the gear train and to the half shafts that are attached to the car’s wheels. 
The differential will be a standard differential that uses two helical and two spider gears to work. The 
differential housing will be made from aluminum because it is both light enough to stay under our weigh 
requirement and can be easily machined using a lathe. The shafts that connect the differential to the half 
shafts will run through the housing and will be made of steel to keep the differential from failing at these 
connection points. Our proposed solution can be seen in figure 1.  
 
 
Figure 1: Proposed Solution 
 
 
 
 
Gear Train Analysis 
The complete analysis of the gear train is shown in the appendix A. In Appendix A-1 the calculations 
are shown for the rotations per minute necessary for the rear wheels to propel the car forward 20 mph. 
Appendix A-2 shows the initial calculations for the gear teeth necessary for the system to work together.  
Appendix A-3 shows the first set of simple hand calculations for the gear train that were used to be put 
in to the MDesign software to find the gear properties for the six gears. These MDesign calculations are 
shown in Appendix A-4, Appendix A-5, and Appendix A-6. The first, third, and fifth gear will be 18 
tooth gears with an outer diameter of 7/16”. The second gear has 35 teeth and has an outer diameter of 
.77 in. The fourth gear has 55 teeth and has an outer diameter of 1.18 in. The sixth gear will have 72 
teeth and will have an outside diameter of 1.54 in. The diametral pitch of the gears is 48. The drawings 
for the gears can be found in Appendix C4-7. This design will satisfy the requirement of no gear having 
an outer diameter of more than 2 inches. There design also works in a safety factor of 1.5 in the 
calculations. The material for the gears varies slightly. The 18 tooth gears will be made of brass, the 35 
tooth gear will be made of steel, and the 55 and 72 tooth gears will be made of nylon.  
 
Differential Analysis 
The ten tooth spider gear will sufficiently work with the twenty tooth helical gear. These gears working 
together will allow the left wheel to spin at a different speeds that the right wheel. The pins holding the 
differential in place must not shear or the car will fail. The calculations that show the minimum diameter 
of the pins so that they do not shear can be found in Appendix A-7. The equations for this calculation 
were found in Mott page 434 (2). The minimum diameter of the pin was found to be .024in, but we will 
be using pins with a diameter of .1in.  
 
RC Car Analysis 
The analysis of our car will be based on the success criteria that we created mainly being able to turn on 
a radius of 42 inches and the ability to go 20 mph in a sprint. To be able to reach these goals our car 
must be low to the ground and have weight evenly distributed with just slightly more in the back.  
 
Performance Predictions 
The efficiency of the RC Baja car will be found by competing in a double elimination competition 
against other RC Baja cars. It will be able to drive 20 mph in the sprint and transverse obstacles in the 
Baja competition. This prediction of 20 mph comes from the calculations in Appendix A using wheels 
with a 4.25 inch diameter. The car will be able to withstand a drop of up to 24 inches without any parts 
breaking off and will avoid being damaged by other cars by having a hard cover over the car.  
 
Safety factors and Risk Analysis 
The first risk that we took into account and analyzed was the financial risk of this project. The budget 
section of this proposal outlines the costs for the pars needed for this car. In our initial analysis of risk  
we wanted to stay under $500 dollars. The worst possible outcome for this risk would be to not come out 
with a working car before the competition in April. There is significant evidence in the schedule to show 
that we will meet this deadline.  
The second risk was what would happen if the differential or gears failed. To account for this risk we 
will have a spool differential on hand as well as gears for unforeseen instances, such as getting hit by 
another car or having the car be somehow damaged in transport. We are   
Each of the gears have a safety factor of 1.5 included in the analysis. This safety factor is plenty high 
enough since these gears will be working for a low amount of hours with a steady electric motor as the 
power source.  
There is also a safety factor in my analysis for the differential pins. The pins have a minimum diameter 
of .024 inches to avoid shearing, and we are using pins of .1in diameter which is a safety factor of more 
than 4.   
 METHODS & CONSTRUCTION 
 
 
 
Description: 
The gear box will be made up of six gears that begin at the engine pinion and end at the differential. The 
drawings for these gears and the first draft of the gear assembly can be found in Appendix C. The initial 
Assembly sketch is located in Appendix C-1. The Drawing for the gear train assembly is located in 
Appendix C-3. The gear drawings are located in Appendix C-4 through Appendix C-8.The gears will be 
on shafts that will be bracketed to the bottom of the RC car’s chaste. The shafts for the gears will be 
supported by three ¼ inch aluminum plates on either side of the car with a top plate that holds them in 
place across the front. The differential housing will be manufactured in the lab and made of Aluminum.  
The shafts for the differential will be made of steel and manufactured in the lab.  
 
Drawing Tree 
The drawing tree is located in Appendix B. The drawing tree will begin with purchasing the material for 
each part of the purchasing of the parts that are not being manufactured. After the purchasing the builder 
may begin machining each part. The parts then must pass through quality assurance before they can be 
placed in the final assembly.  
 
Parts List 
The parts list can be found in Appendix D. This list includes the part id, the part name, and the quantity 
of each part.  
 
Manufacturing the gear train and differential: 
The gears and hardware will be purchased. This decision was made after it became evident that the gears 
that were 3d printed broke off due to a small hole located under the gear teeth. The differential housing 
will be machined using aluminum. The gears inside the differential will be designed on solid works but 
will be designed to work with gears that have been used in differentials that students in the past have 
produced. The differential will be designed to work with the half shafts that we already have. The shafts 
for the gears will be manufactured with steel and then attached using brackets that will be purchased. 
The three supports for the shafts will be machined using the horizontal mill and the lathe.  
 
 
 
 
  
  
 TESTING METHOD 
Introduction: 
 Requirements: 
1. Comply with all ASME RC Baja vehicle requirements as per section 4.0 of the 
ASME RC Baja Rule Book.  
2. This RC Baja car will also compete in both the slalom and sprint Baja events at an 
ASME competition and be competitive.  
3. This RC Baja car will also have the ability to have parts easily replaced so that we 
can recharge batteries or switch out stripped gears 
4. The drive train will be able to take a engine that has an input of 43318 rpm and 
make the car have an output of at least 1500 rpm 
5. The drive train will be comprised of gears that mesh together  
6. The drive train including the shafts, gears and differential, but not including the 
motor or the supports will weigh less than the battery for the car 
7. No gear in the drive train will be larger than two inches in diameter 
8. The differential will be no more than an inch and a half in diameter 
9. The differential will weight no more than 6 grams 
10. The differential will allow the right and left wheels to spin at different speeds.  
11. Perform a U turn from a stop in less than 42”. 
12. Travel over a large variety of surfaces ex (grass, cement, wood, sand, etc) 
13. The car will be capable of traveling 20 mph in a sprint. 
14. Be dropped 24 inches onto flat ground and break no parts.  
15. The car must score in the top 50% of teams at the competition. 
Parameters of Interest:  
All of these requirements will be tested using a variety of testing methods. Each 
parameter will need to be tested independently of each other.  
 Predicted Performance: 
1. The first prediction was that the baja would meet all vehicle requirements as per 
section 4.0 of the ASME RC Baja Rule Book.  
2. The next prediction was that the baja car would be able to compete in both the 
slalom and the sprint competitions.  
3. The Baja car’s gear train, differential, and motor are all connected via 3 plates 
which was predicted to make it easier to replace gears than if the plates could not 
be easily taken off of the cars chasse. 
4. Due to careful calculations it was predicted that the output of the car would be at 
least 1500 rpm.  
5. From first glance during the construction stage it was predicted that the gears 
would mesh appropriately together.  
6. The battery feels fairly heavy so it was predicted that the shafts, gears, and 
differential would all weigh less than the battery of the car.  
7. From the gears laid out in the design phase it was predicted that the car would be 
able to perform with all gears being less than 2 inches in diameter.  
8. From the differential laid out in the design phase it was predicted that the car 
would be able to perform with the differential being less than 1.5 inches in 
diameter. 
9. After working with the design for the differential it was predicted that the 
differential would weigh at least 900% more than 6 grams; therefore, not meeting 
the requirement.  
10. It was predicted that the differential would have the ability to allow the left and 
right wheel to spin at different speeds based on how the differential felt at 
assembly.  
11. Due to the angle that the steering controls are set at, it was predicted that a u-turn 
will be possible in less than a 42 inch radius. 
12. It was predicted that the car would be able to drive on asphalt, gravel, and sand 
with ease. Due to the tires of the car not being very large, it was predicted that the 
car would have a harder time handling grass, but the power from the engine was 
predicted to be enough for the car to propel at least 5 meters.  
13. It was predicted that the car would be able to travel 20mph in a sprint due to the 
fact that it was designed for the theoretical gear reduction to make the car travel 
slightly faster than this value. 
14. It was predicted that the car would be able to withstand the drops from up to 24 
inches without any pieces breaking off. All of the parts were well secured with 
screws or Velcro as needed. 
15. Given last year’s performance from other schools at SPDC it was predicted that 
the car would score in the top 50% of racers.  
Data Acquisition: Data for the testing will come from a variety of methods. Some will be 
numerical values, while other data will come in a yes or no format.  
Schedule: The testing Schedule can be viewed in appendix H-2. The testing will take place in 
late March and Early April as shown in the schedule.  
Method/Approach: 
 Additional materials needed for testing are: 
 Scale in grams 
 Meter stick 
 Measuring tape 
 Tape 
 Stopwatch 
 Camera 
 SPDC transportation and tickets 
 Cement, sand, grass, gravel 
 Ruler 
Precision/Accuracy 
For greater accuracy all tests will be ran in three trials. The precision of test 6 and 
9 will be to plus or minus .1 g. The precision of test 7, 8, and 14 will be 
plus or minus .1in. The precision of test 11 will be plus or minus .5 inches. 
The precision of test 12 will be plus or minus 3 inches. The precision of 
test 13 will be plus or minus .3 mph.  
  Data Presentation: 
The data will be presented using the data sheet found in Appendix H-1. To 
prevent repetition this sheet will only be in the appendix one time filled in, 
not posted twice with an empty sheet.  
 
Test Procedure: 
1. To test for the compliance with section 4.0 of the ASME Baja Rule book the car 
will be scrutinized using the rule section one bit at a time to verify that all 
requirements are met. These sections will be used in design so testing will go 
quickly. 
2. To test for this requirement the car will compete in the slalom and sprint Baja 
Events at the competition at Eastern Washington University.  
3. To test for this requirement all plates will be taken off and the shafts will be 
pulled out within 5 minutes and then the plates will be replaced securely in the 
chasse within an additional 5 minutes.  
4. This test will be the same as the test for the 20 mph sprint.  
5. All gears will be checked to make certain that they are meshing on their shafts.  
6. This requirement will be tested by weighing the battery and comparing it to the 
weight of the other components. 
7. This requirement will be tested by measuring the diameter of the largest gear in 
the gear train. 
8. This requirement will be tested by measuring the diameter of the differential. 
9. This requirement will be tested by weighing the differential.  
10. This requirement will be tested by clamping one side of the differential and 
spinning the wheel on the opposite side.  
11. To test for the ability of the car to perform a U turn from a stop in under 42 inches 
the car will be placed on a cement surface then a circle with a 42 inch radius will 
be taped on the ground. The rc car will then be started and attempt to make the 
turn without moving over the tape.  
12. To test for this requirement the car will be brought to the surfaces sand, grass, 
asphalt, and gravel and the car must drive a minimum of 5 yards on each. On 
some surfaces the car might be slower but it must be able to consistently move 
forward.  
13. To test for the speed that the RC car reaches in a sprint a known distance of 50 
feet will be marked off. The car will be started from back behind the marked area. 
The car will get up to max speed then cross over the start of the 50 feet and start a 
stopwatch. At the end of the 50 feet the stopwatch will be stopped. 
14. To test for our car’s ability to go off of a drop and not break the car will be 
dropped from 6 inches and then move up in 6 inch increments until the car 
reaches a drop from the desired 24 inches. The parts must all stay attached and 
functional between drops.  
15. The test for this requirement will require the car attending the competition at 
Eastern Washington University and scoring in the top fifty percent of teams.  
Place, Time, Duration: 
The time, place, and duration of each test is shown on the schedule found in Appendix  
H-2. 
 Risks and safety: 
The testing for this project has minimal risk to injury for students or for property. The 
only safety equipment necessary for testing will be safety glasses.  
Deliverables: 
 Pass or Failure: 
The specific results for each test can be found in Appendix H-1. The results for the pass or 
failure of each test are as follows: 
1. Pass-The car met all requirements in section 4.0 of the ASME RC Baja Rule 
book. 
2. Pass- The car competed in both the slalom and sprint competition. 
3. Pass- The plates could all be removed and replaced within a ten minute time 
period. 
4. Pass- The car had an output of at least 1500 rpm. 
5. Pass- The gears all meshed together appropriately.  
6. Pass- The battery weighed 350.9 g the shafts, gears, and differential weighed 
92.7g. 
7. Pass-The largest gear was 1.54 inches in diameter. 
8. Pass- The differential is 1 inch in diameter 
9. Failure- The differential weighs 78.0g 
10. Pass- The left and right wheel can spin independently of each other.  
11. Pass- The car finished the u turn in a circle with a diameter of 49 inches. 
12. Pass- The car could drive on all four surfaces sand, gravel, asphalt, and grass. 
13. Pass- The car could travel 50 feet in an average of 20.2 mph. 
14. Pass- The car withstood drops from up to 24 inches.  
15. Pass-The car finished first at the competition.  
Conclusion: 
The testing of the gear train and differential went very smoothly, and came out to the 
same results as those previously predicted. The only failure from the initial 
requirements was that the differential weighed a great deal more than the 
requirement of 6g. The car was initially desired to be as light as possible; 
however, the added weight in the differential did not make as much of a 
difference as the added stability that the extra weight provided. The first place 
finish at the competition was much better than was previously thought that we 
would do, and was a pleasant surprise to see such hard work on this project pay 
off. Even with the one failure out of fourteen requirements the project was still a 
success.   
 
 
BUDGET/SCHEDULE/PROJECT 
MANAGEMENT 
 
Budget 
Because we already have many parts of existing RC cars our biggest cost will be attending the 
competition in mid April. This year’s competition is 90 dollars. We also purchased the gears for the car 
which cost $24.60. We may also need to buy some aluminum for gear box coverings and to make the 
chassis of the car. This will not exceed 50 dollars. We purchased a new motor for $44.65. The remaining 
costs for our car are just the fasteners, shafts, small parts on the differential and the housing for the gear 
train. These items should cost no more than a conservative estimate of $50.00.  A complete budget can 
be found in Appendix E. The estimated cost for this project is 215 dollars.  
 
Schedule 
The schedule for this project can be found in appendix F. The schedule is split up by week and then by 
month. Changes to the schedule will be noted in this section. The most important deadline on the 
schedule is April 11th when we will be traveling to SPDC to race our RC Baja car. Our car has to be in 
race condition by this date. All of the design for the drive train and the differential will be done mid 
February. All design changes after that point will be listed as changes in existing drawings. Most of the 
testing will be done at the competition, but further testing can be completed when we return. The 
estimated hours to completion for this project is approximately 193.0 hours spaced over the school year.  
DISCUSSION 
Design Evolution 
The design of both the gear train and the differential changed drastically as this project progressed. 
Originally the gear train was expected to only consist of four gears; however, as it became apparent that 
the initial engine would not satisfy the ASME RC Baja rules, a new engine that had a higher rpm output 
was purchased. With the purchasing of this new engine more gears were added to the drive train to allow 
the necessary reduction without using large or bulky gears. The second change to the drive train was the 
decision not to print any of the gears. Although 3d printing is extremely useful in some cases, printing 
gears on the 3d printer led to the teeth breaking off easily due to an unforeseen hole that occurs under 
each of the teeth when printed. The differential underwent a different type of design evolution as a 
debate between a ball differential and a standard differential. Due to the inability to print gears for the 
differential and the small size of the gears necessary to perform a ball differential was originally chosen 
as the most viable option even though the performance of the car would suffer. When a differential from 
previous years was found to have helical gears that were viable options to be used in a newly machined 
housing and re analyzed, the choice was made to revert back to the standard differential. There were 
changes to the shafts that were applied to make the differential fit better with our car. Later in the project 
major changes were made to the gear train, when it was discovered that the original gear set was going 
to cost over 80 dollars per gear due to the fact that they were in a metric pitch that is rarely used 
anymore. The gear train was redesigned to the 48 pitch that it currently is.  
 
Project risk analysis 
All projects no matter what scale have risks involved. Because there were parts of the differential and of 
the gear train that were being machined care was taken to assure that proper personal safety equipment 
and training were always in place. There were also financial risks involved in this project especially 
when purchasing parts online. Occasionally a retailer would not have all of the specifications available 
when purchasing parts, and it wasn’t until we received the parts and tested them that we could be sure 
that they were in working order. To manage the financial risk we agreed on a budget before hand and 
chose our retailers carefully when purchasing parts.   
 
  
 
 
 
CONCLUSION 
In conclusion, the RC Baja car will satisfy all requirements set forth by the ASME RC Baja Rule Book, 
especially the requirements for the drive train and the differential. The drive train will be able to convert 
the engine rpm of 43,000 rpm and have an output of at least 1,500 rpm so that the car will be able to 
reach 20 mph in a sprint. This is shown in the analysis for the drive train. Although the gears of this car 
will be acquired separately they will all mesh together as shown by the Solid Works gear assembly. The 
differential will be machined using aluminum, and have the last gear of the drive train attached to it so 
that the wheels are able to spin at different speeds on corners. This is shown in the analysis of the 
differential and will be shown in the drawings that will follow of the differential and gear train 
assembly.   
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APPENDIX A – Analyses 
Appendix A-1 input and output rpm 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Appendix A-2 initial gear teeth calculation 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Appendix A-3 Simple calculations for gear teeth analysis 
 
 
 
 
 
 
 
 
 
 
 
 
 
Appendix A-4 Gear 1 and 2 calculations 
Gear 1 and 2 
Program : MDESIGN User : Customer:  
Module version: 13.0.1 Date : 15.02.2015 Proj. Nr:  
 
Spur Gear, US Standards  
 
Input data: 
  Spur Gear, US Standards
 
  
 
  Pressure angle  
 
  20° 
  Diametral pitch Pd =
 
  48 
  Face width F =
 
  0.25 in
  Transmitted power P =
 
  345 hp
  Rotational speed of  pinion np =
 
  43318 rpm
  Number of pinion teeth Np =
 
  18 
  
 
  Desired output speed ng =
 
  22277 rpm
  Design life L =
 
  50 h 
  Number of load applications per revolution q =
 
  1 
  
 
  Rim thickness of pinion and gear tr =
 
 0.2  
 
  0.4 in
  
 
  Gear application  
 
 Open gearing 
  Elastic coefficient Cp =
 
  1650 
  Overload factor Ko =
 
  1.5 
  Factor of safety SF =
 
  1.5 
  Reliability factor Kr =
 
  1 
 
Results: 
 
Actual output speed                    ng =      22277.829 rpm 
Actual number of gear teeth            Ng =             35 
Gear ratio                             mg =          1.944 
Quality number                         Av =          6.000 
 
Geometry parameters 
 
                                                  Pinion         Gear 
Pitch diameter                         D  =          0.375         0.729 in 
Outside diameter                       Do =          0.417         0.771 in 
Root diameters                         Dr =          0.323         0.677 in 
Base circle diameter                   Db =          0.352         0.685 in 
 
Addendum                               a  =          0.021 in 
Dedendum                               b  =          0.027 in 
Clearance                              c  =          0.006 in 
 
Circular pitch                         p  =          0.065 in 
Whole depth                            ht =          0.047 in 
Working depth                          hk =          0.042 in 
Tooth thickness                        t  =          0.033 in 
Center distance                        C  =          0.552 in 
Fillet radius in basic rack            rf =          0.006 in 
 
                                                  Pinion         Gear 
Bending geometry factor                J  =          0.313         0.379 
Pitting geometry factor                I  =          0.092 
 
Force and speed factors 
 
Pitch line speed                       vt =       4252.735 ft/min 
Tangential force                       Wt =       2676.024 lbf 
Normal force                           Wn =       2847.765 lbf 
Radial force                           Wr =        973.993 lbf 
 
Size factor                            Ks =          1.000 
Load distribution factor               Km =          1.293 
Dynamic factor                         Kv =          1.143 
 
                                                  Pinion         Gear 
Rim thickness factor                   Kb =          1.000         1.000 
Number of load cycle                   Nc =    129954000.0    66833485.7 
 
Bending stress cycle factor            Yn =          0.972         0.984 
Pitting stress cycle factor            Zn =          0.943         0.957 
 
Expected bending stress                St =    3640309.862   3005649.341 psi 
Expected contact stress                Sc =    1369046.135   1369046.135 psi 
 
Allowable bending stress number        Sat=    5616418.193   4582672.654 psi 
Allowable contact stress number        Sac=    2178301.884   2145239.425 psi 
 
Note: 
After computing the values for allowable bending stress number and for allowable 
contact stress number, you should go to the data in AGMA Standard 2001-D04, to  
select a suitable material. Consider first whether the material should be steel, 
cast iron, bronze, or plastic. Then consult the related tables of data. 
 
For instance use through-hardened steel with hardness, HB 
 
                                                    Pinion         Gear 
Grade 1                                            72491.827     59118.663 
Grade 2                                            54902.139     44767.379 
Note: - 
The hardness cannot be greater than 400 HB for through-hardened steel.  
Consider using case hardened steel.
 
Appendix A-5 Gear 3 and 4 calculations 
 
Gear 3 and 4 
Program : MDESIGN User : Customer:  
Module version: 13.0.1 Date : 15.02.2015 Proj. Nr:  
 
 
Spur Gear, US Standards  
 
Input data: 
  Spur Gear, US Standards
 
 
  
 
 
  Pressure angle  
 
  20° 
 
  Diametral pitch Pd =
 
  48 
 
  Face width F =
 
  0.25 in
 
  Transmitted power P =
 
  345 hp
 
  Rotational speed of  pinion np =
 
  22277 rpm
 
  Number of pinion teeth Np =
 
  18 
 
  
 
 
  Desired output speed ng =
 
  7290 rpm
 
  Design life L =
 
  50 h 
 
  Number of load applications per revolution q =
 
  1 
 
  
 
 
  Rim thickness of pinion and gear tr =
 
 0.2  
 
  0.4 in
 
  
 
 
  Gear application  
 
 Open gearing 
 
  Elastic coefficient Cp =
 
  1650 
 
  Overload factor Ko =
 
  1.5 
 
  Factor of safety SF =
 
  1.5 
 
  Reliability factor Kr =
 
  1 
 
Results: 
 
Actual output speed                    ng =       7290.655 rpm 
Actual number of gear teeth            Ng =             55 
Gear ratio                             mg =          3.056 
Quality number                         Av =          6.000 
 
Geometry parameters 
 
                                                  Pinion         Gear 
Pitch diameter                         D  =          0.375         1.146 in 
Outside diameter                       Do =          0.417         1.188 in 
Root diameters                         Dr =          0.323         1.094 in 
Base circle diameter                   Db =          0.352         1.077 in 
 
Addendum                               a  =          0.021 in 
Dedendum                               b  =          0.027 in 
Clearance                              c  =          0.006 in 
 
Circular pitch                         p  =          0.065 in 
Whole depth                            ht =          0.047 in 
Working depth                          hk =          0.042 in 
Tooth thickness                        t  =          0.033 in 
Center distance                        C  =          0.760 in 
Fillet radius in basic rack            rf =          0.006 in 
 
                                                  Pinion         Gear 
Bending geometry factor                J  =          0.313         0.416 
Pitting geometry factor                I  =          0.101 
 
Force and speed factors 
 
Pitch line speed                       vt =       2187.039 ft/min 
Tangential force                       Wt =       5203.573 lbf 
Normal force                           Wn =       5537.527 lbf 
Radial force                           Wr =       1893.946 lbf 
 
Size factor                            Ks =          1.000 
Load distribution factor               Km =          1.293 
Dynamic factor                         Kv =          1.108 
 
                                                  Pinion         Gear 
Rim thickness factor                   Kb =          1.000         1.000 
Number of load cycle                   Nc =     66831000.0    21871963.6 
 
Bending stress cycle factor            Yn =          0.984         1.004 
Pitting stress cycle factor            Zn =          0.957         0.982 
 
Expected bending stress                St =    6861175.674   5161110.055 psi 
Expected contact stress                Sc =    1796422.821   1796422.821 psi 
 
Allowable bending stress number        Sat=   10461134.270   7714161.946 psi 
Allowable contact stress number        Sac=    2814918.844   2743524.255 psi 
 
Note: 
After computing the values for allowable bending stress number and for allowable 
contact stress number, you should go to the data in AGMA Standard 2001-D04, to  
select a suitable material. Consider first whether the material should be steel, 
cast iron, bronze, or plastic. Then consult the related tables of data. 
 
For instance use through-hardened steel with hardness, HB 
 
                                                    Pinion         Gear 
Grade 1                                           135166.032     99629.521 
Grade 2                                           102399.356     75468.254 
Note: - 
The hardness cannot be greater than 400 HB for through-hardened steel.  
Consider using case hardened steel.
 
 
Appendix A-6 Gear 5 and 6 calculations 
 
Gear 5 and 6 
Program : MDESIGN User : Customer:  
Module version: 13.0.1 Date : 15.02.2015 Proj. Nr:  
 
 
Spur Gear, US Standards  
 
Input data: 
  Spur Gear, US Standards
 
 
  
 
 
  Pressure angle  
 
  20° 
 
  Diametral pitch Pd =
 
  48 
 
  Face width F =
 
  0.25 in
 
  Transmitted power P =
 
  345 hp
 
  Rotational speed of  pinion np =
 
  7290 rpm
 
  Number of pinion teeth Np =
 
  18 
 
  
 
 
  Desired output speed ng =
 
  1822 rpm
 
  Design life L =
 
  50 h 
 
  Number of load applications per revolution q =
 
  1 
 
  
 
 
  Rim thickness of pinion and gear tr =
 
 0.2  
 
  0.4 in
 
  
 
 
  Gear application  
 
 Open gearing 
 
  Elastic coefficient Cp =
 
  1650 
 
  Overload factor Ko =
 
  1.5 
 
  Factor of safety SF =
 
  1.5 
 
  Reliability factor Kr =
 
  1 
 
Results: 
 
Actual output speed                    ng =       1822.500 rpm 
Actual number of gear teeth            Ng =             72 
Gear ratio                             mg =          4.000 
Quality number                         Av =         10.000 
 
Geometry parameters 
 
                                                  Pinion         Gear 
Pitch diameter                         D  =          0.375         1.500 in 
Outside diameter                       Do =          0.417         1.542 in 
Root diameters                         Dr =          0.323         1.448 in 
Base circle diameter                   Db =          0.352         1.410 in 
 
Addendum                               a  =          0.021 in 
Dedendum                               b  =          0.027 in 
Clearance                              c  =          0.006 in 
 
Circular pitch                         p  =          0.065 in 
Whole depth                            ht =          0.047 in 
Working depth                          hk =          0.042 in 
Tooth thickness                        t  =          0.033 in 
Center distance                        C  =          0.938 in 
Fillet radius in basic rack            rf =          0.006 in 
 
                                                  Pinion         Gear 
Bending geometry factor                J  =          0.313         0.430 
Pitting geometry factor                I  =          0.105 
 
Force and speed factors 
 
Pitch line speed                       vt =        715.694 ft/min 
Tangential force                       Wt =      15901.235 lbf 
Normal force                           Wn =      16921.740 lbf 
Radial force                           Wr =       5787.576 lbf 
 
Size factor                            Ks =          1.000 
Load distribution factor               Km =          1.293 
Dynamic factor                         Kv =          1.287 
 
                                                  Pinion         Gear 
Rim thickness factor                   Kb =          1.000         1.000 
Number of load cycle                   Nc =     21870000.0     5467500.0 
 
Bending stress cycle factor            Yn =          1.004         0.951 
Pitting stress cycle factor            Zn =          0.982         1.034 
 
Expected bending stress                St =   24340967.555  17704552.465 psi 
Expected contact stress                Sc =    3307701.802   3307701.802 psi 
 
Allowable bending stress number        Sat=   36381682.148  27916079.727 psi 
Allowable contact stress number        Sac=    5051562.070   4796679.587 psi 
 
Note: 
After computing the values for allowable bending stress number and for allowable 
contact stress number, you should go to the data in AGMA Standard 2001-D04, to  
select a suitable material. Consider first whether the material should be steel, 
cast iron, bronze, or plastic. Then consult the related tables of data. 
 
For instance use through-hardened steel with hardness, HB 
 
                                                    Pinion         Gear 
Grade 1                                           470490.067    360973.865 
Grade 2                                           356522.374    273526.272 
Note: - 
The hardness cannot be greater than 400 HB for through-hardened steel.  
Consider using case hardened steel.
 
 
  
 
Appendix A-7 Shear pin calculations 
 
 
APPENDIX B- Drawing Tree 
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APPENDIX C –Sketches, Assembly drawings, Sub-
assembly drawings, Part drawings 
Appendix C-1 Initial sketch of full assembly 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Appendix C-4 Gear 1 Drawing 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Appendix C-5 Gear 2 Drawing 
 
Appendix C-6 Gear 4 Drawing 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Appendix C-7 Gear 6 Drawing 
 
 
Appendix C-8 Differential Top Drawing 
 
 
 
Appendix C-9 Differential Bottom Drawing 
 
 
Appendix C-10 Gear Mover Drawing 
 
 
 
Appendix C-11 Helical Gear Drawing 
 
Appendix C-12 Spider Gear Drawing 
 
Appendix C-13 Suspension Connection Piece Drawing 
 
 
Appendix C-14 Differential Shaft Drawing 
 
 
Appendix C-15 Gear Bar Drawing 
 
 
Appendix C-16 Motor Drawing 
 
 
Appendix C-17 Gear Shaft 2 Drawing 
 
Appendix C-17 Gear Shaft 3 Drawing 
 
Appendix C-18 Differential Assembly Drawing 
 
Appendix C-19 Gear Assembly Drawing 
APPENDIX D –Parts List 
Part ID  Part Name  Quantity 
A1  Motor  1 
B2  Gear Shafts  2 
C1  Pinion gear 1  1 
C3  Pinion gear 2  1 
C5  Pinion gear 3  1 
C2  Gear 2  1 
C4  Gear 4  1 
C6  Gear 6  1 
E1  Housing Plates  3 
D1 
Differential 
housing lid  1 
D2 
Differential 
housing base  1 
D3  
Helical gears for 
Differential  2 
D4  
Spider gear for 
differential  1 
R1 
Rubber seal for 
differential  1 
 
  
 
 
APPENDIX E – Budget 
 
Item ID  Item Description  Item Source  Brand Info  Model/SN  Price Estimated  Quantity  Cost total  Cost Actual 
A1  Motor  Amazon 
Atomik 
540  6.5 T 5300 kv  $50.00  1.00  $50.00  $44.65 
B2  Gear Shafts 
Steel through 
CWU  $5.00  2.00  $10.00  $0 
C1, C3, C5  Pinion Gears  Tower Hobbies 
Traxxas 
Pinion  Gear 48P 18T  $10.00  1.00  $10.00  $7.33 
C2  Gear 2  Tower Hobbies  Associated  48P 35T  $5.00  1.00  $5.00  $4.69 
C4  Gear 4  Tower Hobbies 
Robinson 
Raching  48P 55T  $5.00  1.00  $5.00  $6.79 
C6  Gear 6  Tower Hobbies 
Kimbrough 
Diff Gear  48P 72T  $5.00  1.00  $5.00  $5.79 
Student Design 
Competition  EWU  $110  1  $110  $40 
Cost 
Estimate/total  $190  $109.25 
 
 APPENDIX F – Schedule 
Task IDDescription EstimatedActual 
id Hours Hours
1 Proposal
1a Problem Stateme 0.5 0.5 X
1b Function Stateme 0.5 0.5 X
1c Requirements 1.0 1.0 X X
1d Success Criteria 1.0 1.0 X
1e Scope 0.5 0.5 X
1f Benchmark 0.5 0.5 X
1g Success 0.5 0.5 X
2 Analyses/Design
2a Gear Design 10.0 15.0 X X X X
2b Gear Analysis 10.0 15.0 X X X X X X
2c Diferential Design 20.0 10.0 X X X X X X X
2d Diferential Analys 10.0 10.0 X X X X
3 Documentation 
3a Gear 1 0.5 0.6 X X X X
3b Gear 2 0.5 0.6 X X X X
3c Gear 3 0.5 0.6 X X X X
3d Gear 4 0.5 0.6 X X X X
3e Gear 5 0.5 0.6 X X X X
3f Gear 6 0.5 0.6 X X X X
3g Shaft 1 0.5 0.6 X X X X X X X
3h Shaft 2 0.5 0.6 X X X X X X X
3i Attachment Brack 0.5 0.1 X X X X
3j Gear box housing 1.0 0.2 X X X X
3k Gear Assmebly 1.0 4.0 X X X X X
3l Diferential Housi 1.0 0.7 X X X X X X X
3m Diferential Gear S 0.5 0.8 X X X X X X X
3n Diferential Assem 1.0 0.5 X X X X X X X
3o RC Car Assembly 3.0 4.0 X X X X
JuneSeptember October November December January February March April May
 
 
 
 
Task Description EstimateActual 
4 Project Mods
Project Sche 3.00 3.00 X X
Project Budg 1.00 0.80 X X
5 Part Construction
5a Buy Motor 3.0 4.0 X
5b Buy Pinion G 1.0 1.0 X X
5c Gear 2 1.0 1.0 X
5d Gear 4 1.0 1.0 X
5e Gear 6 1.0 1.0 X
5f Shaft 1 3.0 0.5 X
5g Shaft 2 3.0 0.5 X
5h Attachment  2.0 0.0 x
5i Gear Box Ho 3.0 20.0 X X
5j Diferential H 15.0 9.0 X X
5k Differnetial G 2.0 0.5 X
5l Differnetial f 0.5 1.0 X
6 Device Construction
6a Gear Box Con 2.0 2.0 X
6b RC Car const 10.0 10.0 X
6c Take Device  1.0 2.0 X
6d Update Web 2.0 5.0 X X
7 Device Evaluation
7a List Paramet 1.0 0.0
7b Design Test a 1.0 1.0 X X X
7c Obtain resou 1.0 1.0 X
7d Make Test Sh 2.0 2.0 X
7e Plan Analyse 3.0 1.0 X
7f Preform Eval 10.0 10.0 X X
7g Take Testing 2.0 1.0 X X X X X X X
7h Take To Baja 10.0 18.0 X
8 Deliverables
8a Report Guide 1.0 0.0
8b Rep Outline 1.0 0.0
8c Write Repor 30.0 50.0 X X X X X X X X X X X X
8d Create Slide  4.0 0.0 X X X
8e Create Prese 2.0 5.0 X X X
8f project jump 3.0 2.0 X
8g Update Web 1.0 1.0 X
Total Estima 193
Total Actual  223.6
February March April May JuneSeptember October November December January
APPENDIX G – Motor Specifications 
Specifications:  
o Motor Type: Brushless 
o Turns: 6.5 
o Max Current: 41A 
o Battery Cell Count: 8.4V 
o RPM / V (KV): 5157kv 
o Max Watts: 345W 
o Shaft Length: 14mm (0.55 in) 
o Shaft Diameter: 3.17mm (1/8 in) 
o Weight: 5.99oz (170g) 
 
  
APPENDIX H – Testing 
Appendix H-1: Testing Report 
1. Baja	Rule	Book	
Meets all requirements in section 4.0 of the ASME RC Baja Rule book? Yes/no __yes__ 
 
2. Slalom/Sprint	
Competes in slalom event? Yes/no _yes_ 
Competes in sprint event? Yes/no __yes__ 
 
3. Disassembly/	Assembly	
The 6 plates for the differential and the gear train could be removed from the car and reassembled within 
10 minutes: 
Trial Number Disassembled and 
Reassembled within ten 
minutes? (yes, no) 
1 Yes 
2  Yes 
3 Yes 
4 Yes 
 
4. Motor	Output:	
Motor output more than 1500rpm? Yes/no __yes__ 
 
5. Meshing	Gears	
Do the gears mesh? Yes/no _Yes____ 
 
6. Combined	Weight	
Weight of Battery_350.9g____                   Weight of shafts, gears, and differential 
_6g+78+1.6+1.6+1.6+.3+3.2+.2+.2=92.7g____ 
Is the weight of the shafts, gears, and differential more than the battery? Yes/no __yes____ 
 
7. Gear	size	
Diameter of largest gear? 1.54 inches 
 
8. Differential	Diameter	
Diameter of the differential? 1 inch 
 
9. Differential	Weight	
Weight of differential__78.0g_____  Is it more than 6g? __yes_____ 
 
10. Wheel	movement	
Does one wheel spin while the other is clamped? Yes/no __Yes____ 
 
 
 
11. Turning	radius	
Trial Number Crossed the tape Didn’t cross the tape 
1  X 
2  X 
3  X 
	
12. Surfaces	
Surface Trial 1 
(continued/stopped) 
Trial 2 
(continued/stopped)
Trial 3 
(continued/stopped) 
Sand Continued Continued Continued 
Grass Continued Continued Continued 
Asphalt continued Continued Continued 
Gravel Continued Continued  Continued 
	
13. Speed	
Trial Number Time for 50 feet (seconds) Over 20mph? (yes, no) 
1 1.68 Yes 20.29mph 
2 1.76 No 19.36mph 
3 1.62 Yes 21.04mph  
Average  Yes 20.2mph  
14. Drops	
Height Functional (yes, no) 
6 inches Yes 
12 inches Yes 
18 inches Yes 
24 inches Yes 
15. Top	50%	
Place at ASME SPDC competition _1st 
  
 
Appendix H-2 Testing Schedule 
 
Test 
ID  
Description Estimated 
Hours 
Actual 
Hours 
March April Testing Day Details 
1 Rule 
Compliance 
.5  .4  X     March 29th  in Hogue 
2 Competition 15 18    X   April 11th at Eastern Washington 
University 
3 Replacement 
Ease 
.5 .5 X      March 19th after construction 
4 Output .5 .5    X   April 15th outside Hogue 
5 Meshing .2 .1 X      March 19th after construction 
6 Overall 
weight 
.8 1     X  April 22nd in Hogue 205 
7 Gear size .1 .2     X  April 22nd in Hogue 205 
8 Differential 
size 
.1 .1     X  April 22nd in Hogue 205 
9 Differential 
weight 
.2 .1     X  April 22nd in Hogue 205 
10 Wheel 
spinning 
.1 .1     X  April 22nd in Hogue 205 
11 U-turn 1 1    X   April 15th outside Hogue 
12 Surfaces 1 1      X April 29th outside Hogue 
13 20 mph 1 1.5    X   April 15th outside Hogue 
14 Drop test .5 .2     X  April 22nd in Hogue 205 
15 Top 50% None 
added 
None 
added 
   X   April 11th at Eastern Washington 
University 
 Total Time 21.5 24.7        
  
 
  
 APPENDIX I –Testing Data 
Appendix I-1 Time for 50 foot sprint 
 
APPENDIX J –Resume 
SIGNIFICANT COURSE WORK:  
Calculus, Computer aided drafting and design, Computer applications, Basic Electricity, Engineering Project Cost 
Analysis, Energy Systems, Finite Element Analysis, Fluid Dynamics, Heat Transfer, Machining, Metallurgy and 
Materials Processes, Mechanical Design, Physics, Statics, SolidWorks, Strength of Materials, Technical Dynamics, 
Technical Writing, Thermodynamics, Welding 
 
SKILLS:  
Computer: AutoCAD 2013, Microsoft Word, Microsoft Excel, Microsoft Power Point, Solid Works, some 
experience with Nastram, knowledge of drafting standards 
Shop: Lathe, Mill, Drill Press, Hand Tools, some MIG, TIG, Oxyacetylene, SMAW Welding 
Excellent written and verbal communication skills. Well developed leadership skills.   
 
EDUCATION: 
Central Washington University, Ellensburg, WA  
Major: Mechanical Engineering Technology 
Expected Graduation Date: June, 2015  
GPA: 3.63/4.0 
Status: Senior 
  
JOB EXPERIENCE: 
Substitute Para‐Educator 
Mach, 2015‐ 
As a para‐educator for the Everett School District I provide academic and physical support to students with 
disabilities as directed in one‐to‐one or in small groups. This position required the ability to work well with a 
team.  This position also required the ability to remain calm under trying circumstances.  
Resident Assistant  
August, 2014‐March, 2015 
As a member of the University Housing, Wellness, and New Student Programs staff, I worked to support the 
statement of community through implementing quality programs, upholding community standards as well as 
CWU and residence hall policies, developing positive relationships among students in the hall, and role modeling 
choices that had positive impact on the residence hall community. 
Passenger Experience Research Center Administrator 
May‐August, 2014 
I operated and conducted the Boeing surveys at the Passenger Experience Research center, located at the 
Future of Flight at Paine Field. This position included all activities involved in conduction of the surveys, excellent 
communication skills, and strong teamwork ability 
AWARDS/ HONORS 
Boeing MET Scholarship   Boeing ETSC Scholarship  Heacock Family Scholarship 
Douglas Honors College   Dean’s List      ASME/SME Club Officer 
CWU Varsity Athlete    2014 ASME Old Guard award  2015 ASME RC Baja 1st Place Competitor 
Housing Staff Member of the Month        CPR Certified 
 
